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(QYLVLRQLQJ D 1HXWULQR(QYLVLRQLQJ D 1HXWULQR
3URJUDP IRU ����3URJUDP IRU ���� �� ��������

�ZLWK DQDORJLHV WR WKH
)HUPLODE &ROOLGHU SURJUDP

RI ���� ± �����

-RKQ &RRSHU
12ν$ &ROODERUDWLRQ
$XJXVW ��� ����

�VRPH RI WKLV LV D SHUVRQDO YLHZSRLQW�

0\ SXUSRVH LV WR SURYRNH GLVFXVVLRQ DQG SURYLGH VRPH JUDSKLF GHVFULSWLRQV
ZKLFK FDQ KHOS XV WR ³VHOO´ WKH 12ν$ H[SHULPHQW WR YDULRXV FRQVWLWXHQFLHV�



�

7KH 1X0, EHDP WXUQV RQ DW WKH
EHJLQQLQJ RI ����

� 8�6� WD[SD\HUV� '2( 2IILFH RI 6FLHQFH� )HUPLODE�
WKH 1X0, 3URMHFW� WKH 0,126 &ROODERUDWLRQ KDYH
VZHDW EORRG WR JHW WKLV RQ WKH DLU�

� 7KH UHWXUQ RQ WKLV LQYHVWPHQW ZLOO EH KXJHO\
HQKDQFHG LI WKH 1X0, EHDPOLQH FDQ EH XVHG IRU
DGGLWLRQDO H[SHULPHQWV�

� 12ν$ LV VXFK DQ H[SHULPHQW�
± DGGV KLJK HIILFLHQF\ IRU νH GHWHFWLRQ YLD ORZ�= FDORULPHWU\
± JRHV RII�D[LV WR JHW PRUH ν LQWHUDFWLRQV DW � *H9
± ZLOO JHW LPSURYHG VHQVLWLYLW\ DV SURWRQ LQWHQVLW\ LQFUHDVHV



�

7KLV LV OLNH WKH 7HYDWURQ &ROOLGHU
3URJUDP a ����

� )LUVW FROOLVLRQV VHHQ 2FW ��� ����
� %XW WKLV WXUQHG LQWR D 352*5$0 EHFDXVH WKH OXPLQRVLW\
RI WKH DFFHOHUDWRU NHSW LQFUHDVLQJ

� ���� FP��VHF�� LQ ����� �� HYHQW GHPRQVWUDWLRQ
� ���� LQ ����� (QJLQHHULQJ UXQ ��� QE�� LQWHJUDWHG OXPLQRVLW\�

� ���� LQ �������� )LUVW SK\VLFV ��� SE�� LQWHJUDWHG OXPLQRVLW\�
� ���� LQ ���� 5XQ ,  �  ��� SE�� �'=HUR 'HWHFWRU 	 &') VLOLFRQ�

� ���� WRGD\ 5XQ ,, �DGGHG '=HUR VROHQRLG 	 VLOLFRQ�

� ,W¶V WKLV VHYHUDO RUGHUV RI PDJQLWXGH OXPLQRVLW\ LQFUHDVH WKDW PDGH WKH
SURJUDP
± WKH IDFWRUV RI � LQ GHWHFWRU XSJUDGHV DQG QXPEHU RI GHWHFWRUV
ZHUH LPSRUWDQW EXW QRW WKH GULYLQJ IRUFH

� 7KHUH LV D VLPLODU RSSRUWXQLW\ LQ QHXWULQR SK\VLFV

1X0, �
0,126
,V DERXW
KHUH
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<HDU

&')
�

'=HUR
,QWHJUDWHG
/XPLQRVLW\

�SE���

&')�'�

&')�'�
EDVH

&')�'�
GHVLJQ

&ROOLGHU /XPLQRVLW\ +LVWRU\

� ,QWHJUDWHG /XPLQRVLW\ GRXEOHV �� WLPHV LQ �� \HDUV �����������
� ���� �������� ,QWHJUDWHG /XPLQRVLW\ DGYDQFHV E\ �� RUGHUV RI PDJQLWXGH

� 7KH RULJLQDO �� &') FROODERUDWRUV JUHZ WR ���� WRWDO DW &') � '=HUR

�� IE��
5XQ , 5XQ ,,

�������
5XQ

�&') RQO\�



�

/XPLQRVLW\ LQ D 1HXWULQR
([SHULPHQW LV VOLJKWO\ GLIIHUHQW

� 8QOLNH FROOLGHUV� LW¶V QRW DOO GXH WR WKH DFFHOHUDWRU� VLQFH
1XPEHU RI HYHQWV VHHQ

 LQWHUDFWLRQ FURVV VHFWLRQ�σ�  /XPLQRVLW\
 �σν� �SURWRQV RQ WDUJHW� �PDVV RI GHWHFWRU� 0�

� <HV� WKH FURVV VHFWLRQ LV VPDOO LQ QHXWULQR SK\VLFV
� <HV� WKH SK\VLFV QRZ DLPV DW GHWHFWLQJ VPDOO RVFLOODWLRQ IUDFWLRQV DV ZHOO
� <HV� VRPH RI WKH LQYHVWLJDWLRQV ZLOO OLNHO\ XVH DQWL�QHXWULQRV ZKHUH WKH
FURVV VHFWLRQV DUH HYHQ VPDOOHU

� %XW E\ WKH ZD\� WKH FURVV VHFWLRQV IRU GLVFRYHU\ DW FROOLGHUV
�LQFOXGLQJ /+&� DUHQ¶W ODUJH HLWKHU

� ,I WKHVH H[SHULPHQWV ZHUH HDV\� ZH ZRXOG KDYH GRQH WKHP \HDUV DJR

� 1X0,  0,126 ZLOO VWDUW DW � ± � �[ ����� SRW  � N7
± 6R D ³QHZ´ XQLW RI LQWHJUDWHG OXPLQRVLW\ LV ���� SRWN7
± $QG 0,126 VWDUWV ZLWK � � �� [ ���� SRWN7 LQ ����



�

1HXWULQR /XPLQRVLW\
� $FWXDOO\� LW¶V D OLWWOH PRUH FRPSOLFDWHG�

1XPEHU RI HYHQWV VHHQ  
�VQ��SURW RQ WDUJHW�ILGXFLDO PDVV�GHWHFWLRQ HIILFLHQF\�

± )LGXFLDO PDVV W\SLFDOO\ �� ± ��� RI FRQVWUXFWHG PDVV
� %XW RQO\ ��� # 6XSHU .DPLRNDQGH �6.�� VR LW PDNHV D GLIIHUHQFH

± :KDW DERXW GHWHFWLRQ HIILFLHQF\ " ,W GHSHQGV RQ WKH SK\VLFV SURFHVV�
� νµ� νH� RU ντ GHWHFWLRQ "
� 4XDVL�HODVWLF HIILFLHQF\" 4XDVL�HODVWLFV ZLWK DQ REVHUYHG UHFRLO SURWRQ"
� 1HXWUDO FXUUHQWV"
� &ROOLGHUV KDYH GLIIHUHQW HIILFLHQFLHV IRU GLIIHUHQW SURFHVVHV DOVR

± 7ULJJHU HIILFLHQF\� RIIOLQH WDJJLQJ HIILFLHQF\� «

� $ �� \HDU QHXWULQR YLHZ PD\ OHDG LQ VWUDQJH 	 XQDQWLFLSDWHG GLUHFWLRQV"
± 6R� , ZLOO LJQRUH HIILFLHQF\ LQ WKH FRQWH[W RI WKLV ELJ SLFWXUH RYHUYLHZ

± $1'� VQ LV SURSRUWLRQDO WR (Q
�
�
� QH[W VOLGH



�

(ν LV UHODWHG WR EDVHOLQH OHQJWK� /
� (YHU\ERG\ ZDQWV WR RSHUDWH DW WKH /�( PRVW DSSURSULDWH WR
RVFLOODWLRQV IURP RQH QHXWULQR VSHFLHV WR DQRWKHU

� )RU FRQVWDQW /�(� D ORQJ EDVHOLQH / DOORZV ODUJHU (� WKHUHIRUH D ODUJHU
QHXWULQR LQWHUDFWLRQ FURVV VHFWLRQ DQG PRUH HYHQWV

� 12ν$ SURSRVHV WR VLW DW ��� NP

� $OVR� ORQJHU EDVHOLQHV JLYH ODUJHU PDWWHU HIIHFWV RQ νH LQ WKH
HDUWK¶V FUXVW� DOORZLQJ D EHWWHU ZLQGRZ RQ WKH QHXWULQR
SDUDPHWHUV

� ��� HIIHFW DW 12ν$ ���� NP�� RQO\ ��� DW -3$5& ���� NP�

� 6R XQOLNH FROOLGHUV� WKH KLJKHVW HQHUJ\ DFFHOHUDWRU LV 127
WKH ZKROH EDOOJDPH�
± ,QVWHDG� /RQJ %DVHOLQH / LV WKH PHDVXUH RI LQWHUHVW
± DQG �EDVHOLQH OHQJWK�a���� LV NLQG RI OLNH &ROOLGHU HQHUJ\

� 7KH 86 KDV WKH ORQJHVW EDVHOLQH �1X0,� DQG ZH VKRXOG H[SORLW LW
± -DSDQ LV VWXFN DW ��� � ��� NP
± (XURSH LV FXUUHQWO\ FRQVXPHG ZLWK WKH /+& DQG LV ORRNLQJ WRZDUG D YHU\ VKRUW EDVHOLQH

SURJUDP LQ WKH )UHMXV WXQQHO�



�

³3ODQQHG 3URJUDP´ /XPLQRVLW\
� SRWN7 YV WLPH IRU WKH SURJUDPV LQ SODFH � XQGHU FRQVWUXFWLRQ

� ,QFOXGHV ILGXFLDO YROXPHV
� ,JQRUHV GHWHFWLRQ HIILFLHQF\
� 0XOWLSOLHV SRWN7 E\ �/ � ��� NP�
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&DOHQGDU <HDU

�3URWRQV
RQ

7DUJHW�


�N7RQV�

������SRW�N7�

.�.

0,126

0,126
H[WHQGHG

7�.

7�.�H[WHQGHG

³H[WHQGHG´�PHDQV
D�ILQDO�ILYH�\HDU���
SHULRG�LQ�ZKLFK�WKH
LQWHJUDWHG�OXPLQRVLW\
RQO\�GRXEOHV

%XW�ZH�QHHG�WR�GR�
VRPHWKLQJ�RQFH�7�.
JHWV�JRLQJ�RU������

0,126�UHLJQV
IRU���� ��\HDUV

.�.

0,
12
6

7�
.



�

12Q$�LV�WKH�³VRPHWKLQJ´�WR�DGG��
� ���N7 SURSRVHG��EXW�DVVXPH�VWDUW�ZLWK�D�SDUWLDO�GHWHFWRU�LQ�HDUO\�)<��

� $VVXPH�WZLFH�WKH�SURWRQV�LQ�)<���ZLWK�D�0DLQ�,QMHFWRU�5)�XSJUDGH E\�����

$�SRVVLEOH�IXWXUH�RI�1HXWULQR�,QWHJUDWHG�/XPLQRVLW\
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&DOHQGDU�<HDU

�3URWRQV�
RQ�7DUJHW�


�N7RQV��

������SRW�N7�

.�.

0,126

0,126�H[WHQGHG

7�.

7�.�H[WHQGHG

12Y$

12Y$��Z�5)

12Y$��Z�5)�	�3'

12Y$�6XSHU�12Y$

12Y$�612Y$�H[WHQGHG

����+.��WKHQ��0:�-3$5&

.�.
0,
12
6

7�
.

12Q$

12Q$
��0,�5)

12Q$
��3URW�
'ULYHU

+\SHU.DPLRNDQGH
��IXOO���0:
-3$5&

6XSHU
12Q$



��

7KH�SUHYLRXV�SORW�LQ�ZRUGV�
� 0,126�LV����.�.

� $GG�12Q$������0,126�NWRQV
± 7KH�)HUPLODE�3$&�EHOLHYHV�ZH�FDQ�FRPSHWH�KHUH�ZLWK�7�.�LI�ZH�JHW D�WLPHO\�

VWDUW��L�H��)<�����DW�ODWHVW��,¶YH�DVVXPHG�)<���

± %XW�)HUPLODE¶V�EXGJHW�ZLOO�QRW�VXSSRUW�D�VWDUW�EHIRUH�)<��

± 7KDW¶V�RQH�UHDVRQ�ZK\�ZH�DUH�KHUH

� $GG�D�0DLQ�,QMHFWRU�5)�XSJUDGH�����1X0,�SRW
± $OORZV�UDPS�WR�����*H9�LQ�KDOI�WKH�WLPH

� $GG�D�3URWRQ�'ULYHU� ����1X0,���0,�5)��SRW
� %XW�ZH�GRQ¶W�KDYH�WR�GHFLGH�QRZ�± VHH�ZKDW�WKH�SK\VLFV�GLFWDWHV

� $GG�6XSHU12Q$� ���12ν$�NWRQV
� &UXGHO\�GULYHQ�E\�HYHQW�UDWH�DW��QG PD[LPXP�RVFLOODWLRQ��������UDWH����� ��

� $JDLQ��FRQVLGHU�WKLV�ZKHQ�ZH�NQRZ�PRUH

� 2YHUDOO��FDQ�JHW D�IDFWRU�!������LQ����� SRW��N7��LQ�VXFK�D�SURJUDP�
FRPSDUHG�WR�ZKHUH�ZH�DUH�WRGD\

± -XVW�OLNH�WKH�FROOLGHU�SURJUDP



��

12ν$�LV�D�%,*�GHWHFWRU
� �����P�[������P�[����P�LV�KDUG�WR�JUDVS

± &RPSDUH�WR�&06�DQG�$7/$6�
�WKH\�ILW�LQVLGH�ZLWK����P�WR�VSDUH�

� ���NLORWRQV�LV�KDUG�WR�JUDVS
± &RPSDUH�WR�RWKHU�UHFHQWO\�

FRQVWUXFWHG�GHWHFWRUV

� %,*�EHFDXVH�LW¶V�SDUW�RI�
WKH�OXPLQRVLW\�HTXDWLRQ��
EXW�IHZHU�VXEV\VWHPV

± VR�LW�LV�SRVVLEOH�WR�NHHS�
WKH�FRVW�ORZ

&06

$7/$6

�����P

���P

&RPSDUH�'HWHFWRU�0DVVHV

� �� �� �� �� ��

1X7H9

%D%DU

&')

'=HUR

0LQL%RR1(

0,126�)DU

0,126�1HDU

&06

$7/$6

12Y$

'HWHFWRU�0DVV���NLORWRQV��



��

7KH�$7/$6�FDYHUQ



��

$K��EXW�DUHQ¶W�FROOLGHUV�MXVW�ULFKHU�WKDQ�
³PHDVXUH�RQH�QXPEHU´�Q SK\VLFV"

� 12 ± :KLOH�T�� LV�WKH�GULYLQJ�JRDO��ZH�VKRXOG�QRW�VWDUW�WR�
WKLQN�RI�θ�� OLNH�ZH�GLG�DERXW�WKH�+LJJV�DV�WKH�RQO\�
MXVWLILFDWLRQ�RI�D�SURJUDP
± 0HDVXULQJ�θ�� LV�OLNH�ILQGLQJ�DQG�PHDVXULQJ�WKH�WRS�PDVV"
± 'HWHUPLQLQJ�WKH�PDVV�KLHUDUFK\�LV�OLNH�D�+LJJV�GLVFRYHU\"
± 'HWHFWLRQ�RI�&3�YLRODWLRQ LQ�WKH�QHXWULQR�VHFWRU�LV�OLNH�ILQGLQJ�686<�"
± 7KHUH�DUH�RWKHU�SK\VLFV�WRSLFV

� 0HDVXULQJ�VLQ�θ�� DQG�∆P��
� DW�HDFK�QHZ�OHYHO�RI�OXPLQRVLW\�LV�OLNH�PHDVXULQJ�WKH�

:�PDVV�RU�%�OLIHWLPHV�DW�HDFK�QHZ�OHYHO�RI�OXPLQRVLW\ LQ�WKH�FROOLGHU�SURJUDP
� 6HDUFKLQJ�IRU�VWHULOH�QHXWULQR�HIIHFWV�DW�HDFK�QHZ�OHYHO�RI�OXPLQRVLW\ LV�OLNH�
VHDUFKLQJ�IRU�=¶�DW�HDFK�QHZ�OHYHO�RI�OXPLQRVLW\

� 0HDVXULQJ�ORZ�HQHUJ\�ν FURVV�VHFWLRQV��',6��TXDVL�HODVWLF�«��LV�OLNH�VWXG\LQJ�4&'
�
�

� 7KHUH�VKRXOG�EH�SOHQW\�RI�Q SXEOLFDWLRQV



��

:KDW�PLJKW�ZH�OHDUQ�LQ�VXFK�D�ν SURJUDP"
� 6RPHWKLQJ�LV�YHU\�GLIIHUHQW�EHWZHHQ�WKH�TXDUN�
DQG�OHSWRQ�VHFWRUV��VR�ZH�PLJKW�GUHDP�WKHUH¶V�
VRPHWKLQJ�PDMRU�WR�EH�GLVFRYHUHG�KHUH�

� ,Q�WKH�EHJLQQLQJ�RI�WKH�FROOLGHU�SURJUDP�
± 1RERG\�GUHDPHG�RI�ILQGLQJ�D�WRS�TXDUN�RI�PDVV�����*H9
± 7KH\�GLGQ¶W�UHDOO\�HYHQ�GUHDP�RI�GRLQJ�E�TXDUN�SK\VLFV�

ª ORRN�DW�WKH�&')�'HVLJQ�5HSRUW�RI������
± LW¶V�DOO�DERXW�:�DQG�=�DQG�MHWV

� $V�ZLWK�WRS�DQG�E�SK\VLFV�LQ�WKH�FROOLGHU�SURJUDP��ZH�PD\�
QRW�HYHQ�NQRZ ZKDW�WKH�QHZ�QHXWULQR�WKLQJV�DUH�\HW
± H�J���ZKDW�LI�0LQL%RR1(�GRHV�VHH�WKH�/61'�VLJQDO"
± :KDWHYHU�WKH�XQNQRZQ��ZLOO�RXU�GHWHFWRUV�KDYH�HQRXJK�IOH[LELOLW\
WR�IROORZ�XS�ZKHQ�LW�DSSHDUV"��7KH�FROOLGHU�GHWHFWRUV�GLG�

� 7KDW¶V�WKH�H[FLWHPHQW�RI�WKLV�ILHOG
� $QG�LW�LV�GULYHQ�E\�SRWN7
� GHVSLWH�YDULRXV�GHWHFWRU��FDORULPHWHU��W\SHV��
� GHVSLWH�YDULRXV�GHWHFWRU�SRVLWLRQV�RI�RQ�D[LV�RU�RII�D[LV



��

6XPPDU\
� +RZ�GR�ZH�JHW�VWDUWHG"

± 7KH�)HUPLODE�3$&�LQGLFDWHV�WKH�VWDUW�LV�PRUH�LPSRUWDQW�WKDQ�WKH�ILQLVK
� :H�QHHG�WR�H[SORLW�RXU�EHDP�ZKLOH�7�.�KDV�QR�EHDP�

± ,I�ZH�VWDUW�FRQVWUXFWLRQ�LQ�)<����ZH�ZLOO�DOZD\V�SOD\�FDWFK�XS
� 7KHUH�LV�D�VKRUWIDOO�RI��LQ�)<���± )<��

± $1'�ZH�ZRXOG�SXW�D�0,�5)�XSJUDGH�DKHDG�RI�D�3URWRQ�'ULYHU�LQ�)<���� )<��
± 7KLV�LV�D�VKLIW�RI�PRUH���LQ�)<������UHODWLYH�WR�WKH�ODE¶V�FXUUHQW�SODQQLQJ

� 7KH�1X0,�EHDP���WKH�0,126�H[SHULPHQW�
LV�WKH�RQ�UDPS�WR�WKLV�SK\VLFV

� 7KHUH�LV�GLVFRYHU\�SRWHQWLDO�
DQG�GHSWK�DQG�EUHDGWK�WR�VXFK�D�SURJUDP

� 12Q$�JHWV�XV�LQWR�WKH�IDVW�ODQH
� $�VWHSZLVH�DSSURDFK�JLYHV�SOHQW\�RI�IXWXUH�RII�UDPSV�

JXLGHG�E\�WKH�SK\VLFV�ODQGVFDSH
� $�SDUWLDO�12ν$�GHWHFWRU�GRHV�VFLHQFH
� (DFK�VWHS�RI�VXFK�D�SURJUDP�GRHV�VFLHQFH



��

8QGHUVWDQGLQJ�1HXWULQRV�
�� D�VWHSZLVH�DSSURDFK

1X0,
EHDPOLQH

0,126
GHWHFWRU

����
6<1&+527521�,1-(&7,21

0DLQ��,QMHFWRU�������*H9��������+]�&\FOH��������0:�%HDP�3RZHU
6XUSOXV�3URWRQV�������*H9��������+]�$YJ�5DWH��������0:�%HDP�3RZHU�

��*H9�6\QFKURWURQ�&\FOHV����(���SHU�3XOVH�DW���+]

Main Injec tor Energy

6  In jection
Cycles

21 Extra
8 GeV 

Proton Cycles

�
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��

���

���

���

� ��� � ��� � ��� �

T ime (sec)

0,�(QHUJ\

,QMHFWLRQ�&\FOHV

��*H9�3URWRQ�&\FOHV

6<1&+527521� ,1-(&7,21
0DLQ�� ,QMHFWRU�� �����*H9� �������+]�&\FOH� �������0:�%HDP�3RZHU

6XUSOXV�3URWRQV��� ����*H9� �������+]�$YJ�5DWH�� ������0:�%HDP�3RZHU�
��*H9�6\QFKURWURQ�&\FOHV����(���SHU�3XOVH�DW���+]

Main In jector Energy

6  In jec tion
Cycles

21 Extra
8 GeV 

Pro ton Cycles
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���

� ��� � ��� � ��� �

T ime (sec )

0,�(QHUJ\

,QMHF WLRQ�&\FOHV

��*H9�3URWRQ�&\FOHV

���� ���� ���["

0,�5) 3URWRQ�'ULYHU

0RYH�SDUW�
RI�12ν$
ILUVW�"

0XRQ�
6WRUDJH�
5LQJ

'LIIHUHQW
EDVHOLQH

0RYH�12ν$
	�

6XSHU12ν$
WR�QHZ
ORFDWLRQ"

���["

7KLV�LV�WKH
QH[W�VWHS
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��

��

��


